Conditional on enrollment, African American entrants at 4-year public universities are much less likely to graduate, and graduate in STEM fields, than white entrants. Using administrative micro data from Missouri, we show that the success gaps between African-American and white students in college can be explained by three factors: (1) racial differences in how students sort to universities and majors, (2) racial differences in high-school quality prior to entry, and (3) racial differences in other observed pre-entry skills. We decompose the success gaps between African Americans and whites to identify the relative importance of these three factors. Even holding racial differences in high-school quality and pre-entry skills fixed, we find that a non-negligible fraction of the racial gap in graduation rates can be explained by differences in student sorting across universities and majors (10 to 20 percent). Differences in observed measures of pre-entry skills -primarily students' highschool class rankings conditional on high school of attendance -are consistently the most important determinants of the success gaps by race. Differences in pre-entry skills explain a larger share of the graduation gap for men than for women, and most of the racial gaps in STEM attainment (conditional on STEM entry) for both genders. 1 We thank seminar participants at the University of Missouri and the 2012 Institute for Research on Poverty Summer Workshop for helpful comments, and the Missouri Department of Higher Education for providing access to data. The usual disclaimers apply.
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I. Introduction
It has been well-documented that there are large returns to receiving a 4-year college degree (Heckman, Lochner, and Todd 2006; Bound and Turner 2011) . Despite these large sheepskin effects, the college dropout rate in the United States is substantial. Indeed, conditional on starting college, the United States ranks near the bottom of developed countries in degree attainment (Bound and Turner, 2011) .
Racial disparities in college completion rates are also large. At just over 40%, six-year graduation rates for African Americans are over twenty percentage points lower than for whites (DeAngelo et al., 2011) . African American men in particular have high dropout rates coupled with low enrollment rates. Using data from the 1997 National Longitudinal Survey of Youth, Aucejo While persistence-to-degree rates are low, they are lower still in STEM fields, making the racial disparity even more pronounced. For example, using data on students at Duke University and conditioning on graduation, Arcidiacono, Aucejo, and Spenner (2012) show that African American males are 20 percentage points less likely to complete a degree in STEM fields than their white-male counterparts, despite African American males expressing more initial interest in STEM fields than whites.
In this paper we decompose racial differences in 4-year college completion rates, both overall and in STEM fields. We seek to understand how much of the racial disparities are due to each of three factors. First is where students enroll in college. Whites and African Americans attend colleges of different qualities-due to some combination of preferences and pre-entry skills-and this may in turn affect persistence. Higher quality colleges may produce higher persistence rates for all students, or certain schools may be a better match for students of certain abilities. 2 Second, whites and African Americans attend very different high schools and this can lead to differences in academic preparation through access to, for example, more advanced courses. Finally, we examine differences in observed preparation as measured by test scores and pre-entry academic achievement.
We take advantage of administrative data from the system of four-year public universities in
Missouri in order to understand these educational disparities. The advantages to these data are threefold. First, we have panel data on the entire system allowing us to examine a wide range of college qualities -the graduation rates across the universities in the system range from 30% to 80%. Second, we know the high schools from which students graduated and have large numbers of students from each high school, in addition to pre-entry variables such as high school class rank and ACT scores.
The high-school-attendance information is independently important, and additionally improves the predictive power of information about students' class rankings (also see Fletcher and Tienda, 2010) .
Finally, the data allow us to track students throughout the entire system over time, and provide information on initial and final major.
Our approach to examining college sorting is to estimate flexible logit models of the probability of graduating conditional on attending particular institutions and entering with particular majors, paying specific attention to allowing for match effects between the student and the schoolmajor combination (Arcidiacono, Aucejo, and Hotz 2012; Light and Strayer 2000) . We then estimate multinomial logits to predict the probabilities of whites attending each of the colleges in the system (as STEM or non-STEM majors). These probabilities are used to assign African Americans to counterfactual university-major cells. Given the counterfactual assignment scenario and the estimated graduation probabilities, we can assess how African American graduation rates would change under the alternative assignment rules.
We use empirical estimates of high-school quality, estimated from the graduation model, to quantify the importance of differences in high-school quality between African Americans and whites as a determinant of success. We predict the gains in African American success rates that would accompany an improvement in high-school quality so that African Americans and whites, on average, attend high schools of equal quality. Finally, we similarly predict the effect of raising African
Americans' class rankings and entrance exam scores to align them with whites.
We find that African American graduation rates, in total, would increase by 2.5 percentage points (from approximately 48.0 to 50.5 percent) under the counterfactual sorting scenario where African Americans are sorted to universities and majors like observationally similar whites. This improvement comes with no change in African Americans' observed pre-entry skills or high school quality. The gains from counterfactual sorting are larger for African American women than for men, explaining 20 and 10 percent of the racial graduation gaps by gender, respectively. The remaining graduation gaps are explained by racial differences in high school quality and other observed preentry skills. For women and men respectively, differences in high school quality explain 28.5 and 18.9 percent of the gap. The disparity is owing to the fact that minority women in college, on average, are more likely to come from lower-quality schools than their male counterparts.
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The remaining racial differences in graduation rates can be explained almost entirely by differences in pre-entry observed skills, which are particularly important for explaining the graduation gap for men (67.5 percent). For women, pre-entry differences in observed skills explain a 4 smaller but still substantial share of the racial disparity in graduation rates (47.9 percent). These results highlight the importance of skill differences in persistence to degree, complementing Cameron and Heckman (2001) who find that skill differences and other differences in family background are the primary drivers behind differences in college enrollment rates between African
Americans and whites.
Conditional on entering the four-year university system in pursuit of a STEM degree, an analogous decomposition suggests that pre-entry skill differences explain a much larger share of the racial gap in STEM attainment. For both genders, differences in pre-entry skills explain over 80 percent of the gap in STEM attainment between African American and white students. This result is driven in part because pre-entry skills are more important predictors of success as measured by STEM attainment, and in part because conditional on observed measures of pre-entry skills and high-school quality, African Americans are more likely to pursue a STEM degree upon entry.
II. Background and Data
The four-year public university system in Missouri consists of 13 campuses; Figure 1 shows their geographic locations. The major population centers in Missouri are in Kansas City and St.
Louis and their surrounding areas. The metro areas are both located in the middle of the state vertically, and at the western and eastern borders respectively. We divide the 13 universities in the public system into four broad groupings for expositional purposes: near 10 percent, and 5 of the 13 universities enroll fewer than five percent of the students in our data. The enrollment shares presented in Table 1 are not entirely representative of total enrollment shares because we exclude transfer students and part-time students and these students are not evenly distributed across the system. Still, the enrollment shares in Table 1 are broadly reflective of relative size of the public universities in Missouri.
The third column of Table 1 shows the distribution across universities for students who enter with intended majors in a science-or mathematics-related field (STEM). STEM majors include students who initially enter college with a major in the natural or physical sciences, engineering, computer science, mathematics, or economics. All other students in the data are assigned as humanities and social-science majors (HSS). 9 STEM majors are heavily concentrated at the three 8 The preparation index is a weighted average of the student's ACT score, high school class rank, and high school quality where the weights come from their importance in determining college graduation. See section III for details. Further information about selectivity and student sorting across universities is provided in Appendix B. 9 Appendix Table A .2 provides information about the most common major codes among STEM and HSS majors. Note that HSS includes a large number of majors outside of humanities and social science. Economics is included with the STEM group for two reasons (1) there is a mathematical bent in the economics discipline, and (2) the grade distributions in economics courses look more similar to the grade distributions in STEM fields than in HSS fields (Koedel, 2011 The fourth column shows the distribution of minority students across institutions.
Comparing the minority shares to the total enrollment shares reveals minorities' unconditional representation across the system. Minorities are substantially overrepresented at the least selective institutions in the state and at the urban campuses. They are also mildly underrepresented at the two most-selective schools, essentially proportionally represented at the University of Missouri at Columbia (again, the state flagship), and underrepresented at the four moderately-selective nonurban schools (Missouri State, Northwest, Southeast and Central Missouri).
The second vertical panel of the table provides internal descriptive statistics for each university to complete the system overview. Among the statistics provided is the 8-year graduation rate (degree independent), which maps fairly closely to the pre-entry preparation index. The most notable differences between the entering index values and graduation rates occur at the urban campuses, which have much lower graduation rates than would be predicted by students' index values alone. This finding is similar to what is reported by Bowen et al. (2009) , and we return to this point later on. 10 Also note the sharp drop in graduation rates at the four least-selective schools.
Minority students are substantially overrepresented at three of these four campuses.
III. Empirical Approach
We seek to decompose differences in graduation rates between African Americans and whites into three factors: 1) initial college and major assignment, 2) the quality of high schools attended, and 3) pre-entry observed skills (ACT scores and high-school class rankings). To the However, note that economics majors make up such a small share of the STEM-major group that excluding them from our analysis, or shifting them to the HSS group, does not substantively affect our findings. 10 Bowen et al. (2009) find that graduation success is negatively related to the commuter share. A distinguishing feature of the urban campuses is that they have larger commuter populations relative to the other universities in the system. 8 extent that discrimination or differences in family income may be important, they may manifest themselves indirectly through our skills measure. In order to perform the decomposition, we need to know students' probabilities of enrolling in particular schools with particular majors, as well as their probabilities of graduating conditional on enrollment. We first describe how we estimate the graduation probabilities and then describe our model of initial college and major enrollment.
Modeling Graduation Outcomes
Denote the academic index of student i at time t as . scores, high school class rank, and indicators for high-school attended:
Conditional on attending university j with initial major k, we specify the latent utility of graduating (within 8 years) as: This specification allows for school-major combinations to differ along two dimensions.
First is the intercept term 0 jkt  . If a school-major combination has a high intercept term relative to other school-major combinations, then, all else equal, students who enroll in that school and major will have higher probabilities of graduating. Second is the return to the academic index. A schoolmajor combination with a high 1 jk  disproportionately rewards students who have higher academic indexes. If university fit is important, then we would expect school-major combinations that enroll 9 students with high academic index values to have high slopes but low intercepts, while school-major combinations that enroll low academic index students having high intercepts but low slopes.
The model in (1) identifies the index parameters using variation within university-major-year cells. Table 2 shows the raw logit coefficients for the index variables from our preferred specification, per equation (1), as well as from several sparser variants that include subsets of the information in the full index (where the omitted index information is entirely excluded from the model). As indicated above, the two most important student-level predictors of graduation success are high school of attendance and class ranking.
The table reports the effect of a one-standard-deviation move in the distribution of highschool quality, where high school quality is defined empirically and the variance of the distribution is adjusted for estimation error in the fixed-effect estimates, following Koedel (2009) . Noting that a one-standard deviation move in the class-ranking variable is approximately 22.0, moving a standard deviation in the distribution of high-school quality is equivalent to moving 0.80 standard deviations in the distribution of high-school class ranking. It is also important to note that attending a better high school will likely result in a lower class ranking. This can be seen in alternative specification 4, which shows that the effect of class rank is diminished when we do not condition on high school fixed effects. None of the other variables in the index are nearly as important as high school attended or class ranking.
The coefficients on the race-gender indicators from the index are also of interest and show that our measures of academic preparation are quite good. Conditional on the other measures of pre-entry preparation, African American men are no less likely than white men to obtain a degree.
African American women are conditionally more likely to graduate than their white counterparts.
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12 Our finding that African American men and women are more likely to graduate than whites (or, in the case of men, no less likely to graduate) conditional on pre-entry skills is consistent with previous studies that examine racial differences in college matriculation (Cameron and Heckman, 2001; Rivkin, 1995) .
The fact that we can fully explain racial differences in gradation probabilities conditional on our covariates is a reflection of the power of our controls. For example, the alternative index formulations show that African American men are less likely to obtain a degree unconditionally (alternative 1) and conditional on entrance exam scores alone (alternative 3). Unconditionally, African American women perform worse than white men and white women by a wide margin, but outperform white men and perform comparably to white women conditional on ACT scores alone.
White women outperform all other race-gender groups unconditionally. As shown in Table   3 , their class rankings are substantially higher than the other race-gender pairings. Conditional on their superior preparation, however, white women are actually less likely to graduate than their male counterparts ( Table 2 ). Table 3 and   coefficients from Table 2 , the index distributions show that white women have considerably higher index values than their male counterparts throughout. African American men and women have lower index values than whites. As with whites, women score higher on the index than men among African American students, but the gender gap is even more pronounced for African Americans.
University and Major Sorting
We now turn to the issue of student sorting across majors and universities within the Missouri system. A key aspect of our analysis is to compare observed African-American student sorting across universities and majors to counterfactual sorting that we predict if African Americans sorted in the same ways as observationally comparable whites.
To construct the counterfactual sorting scenario for minority students, we begin by estimating a multinomial logit model for white students that predicts placement into each of the 24 unique university-by-major cells in the Missouri system. 13 The latent utility of initially enrolling in school j in initial major k is given by:
Individuals then choose the school/major combination that yields the highest utility. Since white women sort differently than white men-both with regard to schools and majors (see Appendix C; also, Turner and Bowen, 1999)-we estimate separate multinomial logit models for each gender. Further, note that the coefficients in equation (3) have t subscripts which allow for differential sorting over time as some schools become more or less attractive to particular types of students.
Estimation of (3) yields the white-sorting parameter vectors which we then apply to minority students to predict counterfactual sorting. An implicit assumption in applying these parameters to minority students is that sorting differences by gender are similar within races. Broadly speaking this appears to be the case, and we provide evidence to support this simplifying assumption in Appendix C.
The counterfactual sorting outcomes for minorities predicted by the parameters from equation (3) reflect two changes to minority sorting. First, the distribution of minority students across the system shifts to align more-closely with the distribution of white students. That is, minority students are re-allocated to universities and majors from their actual placements. Second,
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holding constant the minority shares in each university-by-major cell, the re-sorting procedure alters the composition of which minority students enter into which cells. Below we dissect the differences between minority and white sorting and assess the implications for minority graduation outcomes.
IV. Student Sorting Across Universities and Majors
Before we compare sorting differences across races, it is useful to provide some perspective regarding the potential to affect outcomes from changing how students are sorted to universities and majors. In Table 5 we use the parameter estimates from the model in (2) Table 4 (for all students). Reading down the rows in any given column compares observationally equivalent students in different university-by-major cells. 14 The estimates in Table 5 can be mapped to the race-gender-specific index distributions in Table 4 .
We predict the graduation rates in each cell in Table 5 holding non-index values fixed at their sample averages (e.g., year cohorts). Note that although the graduation model allows for differential graduation rates by entering major, the outcome is not degree-specific. So, for example, the completion of a HSS degree for an entering STEM student is treated as a positive graduation outcome in Table 5 . Later we examine STEM degree completion as a unique outcome.
The table reveals interesting patterns in predicted graduation outcomes across universities and majors, and also provides useful information about sorting. With regard to sorting, note that although the average index values at the least-selective universities are clearly lower than those at the moderately selective institutions (by definition), there is considerable overlap. The third column in 14 The parameters that underlie the predictions in Table 5 Continuing to focus on the comparison between the least-selective and moderately-selective schools in Table 5 , predicted graduation rates are much higher at the moderately selective schools over the range of index values. For example, take the median African American male student in Missouri, whose index value from Table 4 is 1.51. This roughly corresponds to the 20 th percentile in the overall distribution of the index. His predicted graduation probability as an HSS major if he moves from Lincoln University to Central Missouri University goes from 40 to 50 percent. 15 In fact, moving from any of the least-selective to any of the moderately-selective schools corresponds to a large increase in his likelihood of degree attainment. More generally, a takeaway from Table 5 is that the universities in which minority students are most overrepresented in the system -the leastselective and urban campuses -are also the ones with the lowest graduation rates conditional on students' pre-entry preparation. Overall, Table 5 is consistent with the possibility that improved minority sorting across universities and majors can lead to higher success rates as measured by graduation.
Next we turn to the direct comparison between actual and counterfactual minority sorting. Table 6 applies the sorting parameters obtained from equation (3), using data from white students only, to minority students. The table is constructed as follows. First, within each panel, we calculate the average index value and enrollment share at each university based on where students actually entered the system. Then we replicate these same calculations, but replace each student's actual placement with the vector of predicted placements from the multinomial logistic regression. The predicted student shares for each university are the summations of the predicted probabilities across all students, and the average index values are weighted averages where the predicted probabilities serve as the weights. Table 6 shows how the index values and sorting patterns change with the change in assignments. There is movement of minority students across most schools in the system, reflecting a combination of the intercept and slope parameters from the sorting model. For example, consistent with the descriptive statistics provided thus far, the counterfactual sorting scenario shifts a large fraction of minority students out of the urban and least-selective schools and into the moderatelyselective schools. Unsurprisingly, the differences between actual and counterfactual sorting are particularly stark at the two historically African American universities in the system (Lincoln University and Harris Stowe State University). Also note that while minorities are roughly evenly represented at the University of Missouri at Columbia unconditionally, the counterfactual-sorting scenario reveals that fewer minorities would attend UM-Columbia if they sorted like observationally similar whites. Table 7 expands on the sorting differences for minorities by showing differences at the university-by-major level. Column 3 shows the net re-sorting effects for each university-by-major cell in the system. Negative entries indicate that minorities are being added to the given cell under the counterfactual; positive entries indicate that minorities are being exited. An insight from Table 7 is that minority students are shifted out of STEM majors and into HSS majors under the counterfactual scenario, and substantially so. Conditional on their pre-entry preparation index, African American women appear to be particularly overrepresented as science majors throughout the system.
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V. Minority Re-Sorting and Predicted Graduation Outcomes
Using minorities' actual university-by-major placements, the graduation model in equation
(2) predicts a graduation rate of 48.05 percent (the actual graduation rate for minorities is 48.25 percent). Table 8 gives predicted African American graduation rates across a variety of different sorting scenarios. The full counterfactual sorting scenario is shown in the third row. It allows minorities to move between majors in addition to between universities. Table 5 shows that degree attainment conditional on pre-entry preparation is more likely in HSS majors -that is, STEM entrants are observationally more prepared than HSS majors within universities, but do not graduate at a higher rate (also see Appendix D where we provide the parameter estimates for the full graduation model -entering as a STEM major is associated with lower graduation rates conditional on the other controls in the model).
We begin by comparing minority outcomes under actual and full-counterfactual sorting.
From the model's baseline predicted graduation rate of 48.05 percent, Table 8 shows that the full counterfactual sorting scenario produces a roughly 2.5 percentage-point increase (to 50.53 percent).
Recall that counterfactual sorting embodies two changes to minority sorting: (1) holding the minority shares within university-by-major cell fixed, it changes which minorities sort into which cells, and (2) it shifts minorities across university-by-major cells to more-closely reflect the sorting patterns of white students. We isolate the influence of the former, holding minority shares across universityby-major cells fixed, by reweighting the predicted probabilities from equation (2) ex post.
Denote ˆi jkt P as the predicted probability that African American i in cohort t would be assigned to school j and major k under the white sorting rules. The predicted share of African Americans in school j and major k in year t, denoted as ˆp jkt M , is then given by: 
The second row of Table 8 shows the predicted change in minority graduation by shuffling which minorities attend which schools, holding schools' minority shares fixed. This effect is small and negative, suggesting that conditional on school shares, minorities sort better than whites.
However, as the third row indicates, allowing the shares across cells to change results in notable improvements in African American graduation rates, with stronger effects for African American women.
As described above, the graduation-rate gains from full counterfactual sorting include gains from shifting African American enrollment from STEM to HSS cells -this type of re-sorting is wrapped up in the estimates. In a separate analysis not shown in Table 8 , we use an analogous sorting procedure to re-allocate African American students across majors within universities like observationally similar whites. The STEM/HSS re-allocation within universities increases predicted graduation rates by approximately 0.30 percentage points, or just over 10 percent of the total counterfactual sorting gain.
The partial-sorting scenarios in the remaining rows of Table 8 use the same probabilityreweighting approach as described above to dissect the full counterfactual sorting scenario. That is, we take the baseline predicted probabilities for all minority students based on the parameters from equation (3), then adjust the weights ex post as needed to re-allocate minority students throughout the system. The partial sorting scenarios show that the counterfactual gains from redistributing African American students has two main sources. First is getting students out of urban campuses.
Despite having an academically strong student body, urban campuses have low graduation rates. The second source, which is particularly strong for African American women, is getting students out of the least-selective schools. In summary, African American students benefit from attending moderately-selective universities relative to the alternative of urban or less-selective schools. Like in other states, minorities in Missouri are vastly underrepresented at moderately-selective universities and overrepresented at the least-selective and urban campuses.
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VI. STEM Attainment
Thus far we have modeled minority "success" in terms of general graduation outcomes.
However, there may be value in increasing minority representation in STEM fields in the workforce, in which case degree attainment in a STEM field is of independent interest. Enrolling in college as a STEM major and completing a degree in a STEM field are two very different things. This point is illustrated in Table 9 , which shows the fraction of STEM and HSS enrollees who graduate with STEM and HSS degrees. The graduation rate for STEM majors, overall, is 65.9 percent. But conditional on graduation, only 59.2 percent of initial STEM entrants complete their degree in a STEM field. Table 9 also shows that HSS entrants rarely switch over and complete a degree in a STEM field (less than 3 percent).
We evaluate the implications of minority sorting for STEM degree completion using an analysis parallel to above, except that the analytic dataset is restricted to include initial STEM entrants only. We begin with a model that predicts STEM degree attainment, again specifying an 18 academic index analogous to equation (1) and a latent index for graduation analogous to equation (2): (3), and apply the sorting parameters to minority STEM entrants. Table 11 reports the distribution of index values and corresponding graduation probabilities for each school in the system. Institutional fit seems to be more important for STEM attainment than graduation in general. Namely, top schools are particularly good at graduating high index-value students. However, moderately selective schools often dominate the flagship school, UM-Columbia, for lower index values. Table 12 shows actual and counterfactual minority sorting; the familiar pattern from above is maintained in terms of minority over and underrepresentation at universities.
17 Even though the coefficient on ACT math scores in the first column of Table 10 is large, variation in ACT math scores is still less important for predicting STEM success than high school of attendance or class ranking. The reason is that there is much less variation in ACT math scores relative to the other measures (e.g., the standard deviation of highschool class rankings in the STEM subsample is 19.2; for ACT math scores it is 4.7). Table 13 considers the implications of re-sorting minority STEM students across universities in terms of producing STEM degrees. Like above, predicted minority success rates rise under the full counterfactual sorting scenario, although the increase is smaller than in our analysis of general graduation outcomes. In addition to the net gains from re-sorting being smaller in the STEM models, our findings differ when we examine the specifics of the sorting process. While moving students out of urban campuses again improves attainment rates, the effects from moving students out of the least selective schools are small. This is because there are relatively few minority STEM entrants at these universities to begin with, and the STEM entrants at these schools are highly unlikely to complete a STEM degree at any school.
VII. Decomposing graduation rate gaps
While reallocating African American students using the white assignment rules would increase graduation rates, large racial gaps would remain. In this section we seek to decompose the total difference in graduation rates-both in general and in STEM fields-by additionally incorporating racial differences in (1) high school attended, (2) academic preparation, and (3) college matching as a result of attending better higher schools and being more academically prepared.
We begin by considering the scenario where African Americans attend high schools of equal quality to whites (in terms of empirically predicting success), holding the pool of minority entrants fixed. 18 To bring high-school quality for minorities in line with high-school quality for whites we adjust minorities' high school fixed effects, and correspondingly, their class rankings. The classranking adjustment is important because holding other things constant, attending better schools should lead to lower minority class rankings. The adjustment to the high-school fixed effects is a straightforward shift of the distribution of estimates from the initial model for minority students:
Equation (6) We then adjust African Americans' class rankings based on output from the following regression, estimated for the entire analytic sample:
Equation (7) regresses students' class rankings on a vector of characteristics that includes race and gender, math and reading ACT scores, as well as the fixed-effect coefficient corresponding to the high school of attendance from the main model (ˆi  ). We use 2  from equation (7) to predict the average decline in class rankings for minority students associated with the improvement in high school quality, which is 9.7 percentage points.
To see how graduation gaps additionally close when the academic preparation gap closes, we shift the index values for all African American students by a constant such that the mean academic index is the same for both whites and African Americans. Finally, given that we have now increased
African Americans' preparation and high school quality, we reassign them throughout the system, again according to the white sorting rules.
The proportion of the racial graduation gap explained by the various factors is given in Table   14 . Consistent with the results in the two previous sections, resorting according to the white assignment rules has a larger effect on overall graduation rates than it does for STEM graduation rates. However, the differences in our findings between overall and STEM graduation rates are being driven by women; the closing of the gaps from using the white assignment rules is the same (in percentage terms) for African American men.
Differences in high school quality can explain a significant proportion of the general graduation gap, particularly for women. Recall that college-going African American women attend worse high schools than their male counterparts. Differences in high school quality explain 28.5 and 18.9 percent of the general graduation gap for women and men, respectively. Results are significantly smaller for science attainment.
By far the biggest component of differences in graduation rates is the pre-entry skills gap.
For general graduation, it explains 47.9 and 67.5 percent of the gap for women and men, respectively. For science attainment, the numbers are much higher at 85 and 83 percent. Until significant changes occur in the pre-entry skills gap, large differences in college graduation rates, and STEM attainment rates, will remain.
Finally, the additional gains to resorting African American students after improving their high school quality and pre-entry skills are small, at 3.5 percent for women and 2.6 percent for men for general graduation rates. The contributions are slightly higher for science attainment. Recall that institutional fit seemed more important in the sciences where the best schools were particularly good at graduating students with high index values.
VIII. Conclusion
Differences in college graduation rates between African Americans and whites are stark. In the Missouri system, the gap for women is over 14 percentage points, while for men it is over 18 percentage points. Similar gaps are seen in STEM attainment.
These gaps can be partially diminished by re-sorting African American students across schools so that their enrollment decisions are similar to comparable white students. Although we find evidence that matching effects-where some schools are better at graduating less prepared students and other schools are better at graduating more prepared students-are present (particularly in the sciences), changes in matching effects are not the primary drivers behind the 22 gains from resorting. Rather, the gains result from shifting African American students away from urban campuses and from the very bottom schools to moderately selective schools, both of which have relatively low graduation rates at all skill levels.
Pre-entry skills, however, are the primary driver for differences in graduation rates. This holds particularly for attaining degrees in the sciences, with 83-85 percent of the differences in STEM attainment being driven by pre-entry skills. Differences in high school quality (which may also reflect differences in pre-entry skills) can explain a significant portion of the overall graduation gap as well-almost 29 and 19 percent for women and men respectively-but have much smaller effects on graduation rates in STEM fields. Notes: The analytic sample includes full-time, resident, non-transfer students who entered the system between 1996 and 2001 as college freshman (African American and white only). It omits students whose high school of attendance, class rank, and/or ACT scores are unavailable (combined data loss ≈ 6 percent). See Appendix A for more details about the construction of the analytic sample. The graduation rates for minorities in the analytic sample are 48.25, 51.69 and 42.43 percent for all students, women and men, respectively. The comparable numbers for whites are 63.90, 66.21 and 61.05. * The graduation rate changes in this scenario are the net result of two effects: (1) a small increase in graduation rates owing to higher enrollment shares at Truman State and UM-Rolla and (2) a small decrease in graduation rates owing to the net student excess from top-3 campuses moving to the moderately selective schools. See Table 6 for details. 40.31, 32.85 and 44.62 . * The graduation rate changes in this scenario are the net result of two effects: (1) an increase in the degree-attainment rate owing to higher enrollment shares at Truman State and UM-Rolla and (2) a decrease in the degree-attainment rate owing to the net student excess from top-3 campuses moving to the moderately selective schools. See Table 12 for details. a Students who enter with sophomore status are included as long as they did not transfer from a previous university (in Missouri or elsewhere). This is to facilitate high school students who take college credits prior to entry. b High school codes are available for most public and private high schools in the state. Not all high schools report class rankings, but most do. c The pre-entry characteristics of unspecified dual majors suggest that this group includes both STEM and HSS students. We were unable to convincingly divide this group into major types. d Students from high schools that sent fewer than five students to college over the course of the data panel were dropped, as well as a small number of individuals who were coded as entering HSS majors at UM-Rolla (less than 50).
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Appendix 
Description of Appendix Tables C.1 and C.2
Appendix Tables C.1 and C.2 compare gender differences in sorting between white and minority college entrants. Differential sorting by gender is similar across races, although there are differences in some instances. Also note that some of the university-by-major cells are very small for minorities, particularly for STEM entrants outside of UM-Columbia. Table C .1 reveals that women are less likely to enter in STEM fields, which is consistent with previous research (Turner and Bowen, 1999) . This descriptive pattern in the data is supported by linear regression analysis. Conditional on high school of attendance, class ranking, and ACT math and reading scores, white men are 12.8 percentage points more likely to enter with a STEM degree relative to white women; for African Americans, the analogous number is 9.2 percentage points.
Both differences are highly significant. Appendix Table C .2 documents the extent to which sorting is hierarchical by race-gender status. Within both racial groups, men sort more-hierarchically across university-by-major cells than women. One implication is that women college-goers are more likely to attend universities where their pre-entry preparation indexes suggest that they are overqualified, at least relative to men. The data for minorities is somewhat noisier due to the small samples in some cells, but the pattern is clear nonetheless. Consistent with Table 4 in the main text, index values for women in both racial groups are considerably higher than for men.
Appendix D Parameter Estimates for General Graduation and STEM-Degree-Attainment Models Appendix Notes: Parameters that allow for differential outcomes across university-by-major cells in different years, and high school fixed effects, are suppressed for brevity. Recall that some entering STEM entrants were dropped from the STEM-only models, primarily STEM entrants from high schools with fewer than five STEM-entrant observations. The omitted university in all instances is Missouri State University. The baseline parameters for STEM-entrant and the STEM-entrant interaction with the index apply to Missouri State. Parameters for the other university-by-major cells are relative to the Missouri State baseline. The net effects for STEM entrants at any university can be obtained by summing the general-entrant effect and the STEM-entrant effect for that university. Note that some differences between the university-specific parameters for STEM entrants across models can be attributed to STEM entrants who graduate but switch to an HSS degree.
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Appendix E African American Predicted and Actual Success Rates and African American Representation, by University Appendix In Table E .1 we compare actual and predicted minority success rates across the 13 universities in the system. Note that our graduation model does not explicitly allow for racial differences in the intercepts, or for the returns to the academic index, by university. There is little evidence in our data to suggest that universities with higher African-American representation produce better outcomes for African Americans. For example, Western Missouri State and Lincoln
University look similar observationally in many ways, except that Lincoln University has a much higher proportion of African American students, but the differences between actual and predicted graduation rates for African Americans at these schools are very similar. Missouri State University is another interesting example. Although the STEM-entrant sample is too small to be informative, African Americans who enter Missouri State as HSS majors do better than the model predicts despite the particularly sparse representation of minorities at that school.
